Aims and objectives

•
To evaluate breast parenchymal density using QUANTRA software and compare it with visual assessment of breast parenchymal density • To correlate numerical breast density values obtained from QUANTRA with ACR-BIRADS breast density categories
Methods and materials
Institute ethical clearance committee waived off the requirement for written informed consent as this study was retrospective. No employee of Hologic corporation was involved in or responsible for data collection, analysis and information submitted for publication. Two view digital mammograms (craniocaudal and mediolateral oblique views) of 545 women (mean age -47.7 years) presenting to the Breast Clinic of our institute from Jan 2011 to Feb 2012 were analysed. Screening mammography programs are not in place in our country. Hence, 430 women presented with symptoms (breast pain, lump, nipple discharge, referred from outside hospitals) and only 115 women (availing Employee Health Scheme benefit at our institute and aware of carcinoma breast) were asymptomatic and self-referring for screening mammography.
The mammograms were performed on Hologic Selenia Dimensions and were visually assessed independently by 3 radiologists, each well versed with the BIRADS system of classification of breast density and having more than 5 years of experience of reporting mammograms. They assigned mammograms into one of four categories: D1 (percentage of fibroglandular tissue -< 25%; Figure 1 ), D2 (percentage of fibroglandular tissue -25 -50%; Figure 2 ), D3, (percentage of fibroglandular tissue -50 -75%; Figure 3 ), D4 (percentage of fibroglandular tissue -> 75%; Figure 4 ).
Parenchymal density assessment with QUANTRA
Breast density determination of QUANTRA algorithm is based on a validated methodology [15] which takes into account various imaging parameters used to acquire the image, such as kVp, mAs, target and filter materials. Essentially, the software segments the breast region from the background and estimates the thickness of the fibroglandular tissue above each image pixel inside the breast region by measuring the energy deposited at the detector in each pixel. Using an estimate of breast thickness, it further calculates the total volume of fibroglandular tissue and the total volume of the breast. From these two values, percentage volumetric density is derived as a ratio of volume of fibroglandular tissue and total breast volume. A single click on the operating console depicts the volume of fibroglandular tissue, total breast volume and breast density as percentage.
Density of both the breasts is depicted separately by QUANTRA, but an average of the density of two breasts was used for the purpose of this study. This percentage was correlated with the ACR grade visually assigned to the mammogram by the radiologists.
Statistical analysis
Inter-observer agreement between the radiologists across all categories of breast density (D1-D4) was calculated by means of kappa statistics. Cut off values of numerical breast density percentage, as determined by QUANTRA, were calculated for each ACR-BIRADS category using receiver operator characteristic (ROC) analysis with Stata 13 software. As suggested by Ciatto et al [14] , we also tried to separate mammograms into dense (categories D3 and D4), and non-dense (categories D1 and D2) and tried to establish a cut off value of numerical breast density percentage for this purpose.
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Images for this section: Breast density values were obtained for all 545 patients using QUANTRA, and these fell in the range of 7-42%. QUANTRA breast density cut off values for various ACR-BIRADS categories were then established using ROC analysis as depicted in Table 2 and Figures  5-7 . A QUANTRA density cut off value of less than 14.5% could differentiate category D1 from categories D2, D3 and D4 with a sensitivity of 85.71% and specificity of 84.21% [ Figure 5 ; area under ROC curve (AUC)-94.09%; confidence interval: 92.318, 95.867].
QUANTRA density values of less than 19.5% could differentiate categories D1 and D2 from categories D3 and D4 with a sensitivity of 87.50% and specificity of 84.60% ( Figure  6 ; AUC -94.4%; confidence interval: 92.2, 96.6). QUANTRA density values of less than 26.5% could differentiate categories D1, D2 and D3 from category D4 with a sensitivity of 88.89% and specificity of 88.61% (Figure 7 ; AUC -90.75%; confidence interval: 83.5, 97.9). A QUANTRA breast density value of less than 19.5% classified mammograms as non dense (categories D1 and D2) with a sensitivity of 87.50% and specificity of 84.60%.
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Conclusion
Objective measurement of breast density can help develop modified screening protocols for women with a higher breast density (more frequent screening, screening with ultrasound and MRI), development of better individual breast cancer risk prediction models, and it may also be used as a surrogate marker in breast cancer prevention trials. Therefore, it is extremely important for a radiologist to not only record mammographic breast density in a report, but also to educate the patient about the need for additional investigations (ultrasound or MRI) in women with dense breasts. QUANTRA is a volumetric computerised method available for measuring breast density, and is easy to use. We found that QUANTRA values of breast density are systematically lower than those obtained by subjective visual assessment, but we could establish cut off values to assign ACR-BIRADS categories to mammograms that correlated well with visual assessment by radiologists. Further studies comparing QUANTRA and visual assessment are required to validate the utility and reliability of this method in clinical practice.
